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Oil & gas Is net new toe OhIE.

Ohio currently has in excess
of 64,000 producing ol & A — |
gas wells. b

MONTGOMERY |
GREENE

Production has been _- |

established in at least 70 il il
of 88 counties. | ]

 CLERMONT

Historically, over 250,000
wells have been drilled.

Lima-Indiana Trend of NW i
Ohio WaS One Of the fi rSt OILFIELD GAS FIELD COALBED METHANE ) .I‘.RI.AJEJLJE'III\'(.‘;H(..!Hl?.l_).,\‘qsr{;}\'!..!L:li’l-il.!Ii\‘.‘-TI‘It-\'l'[t'iIL-\I-‘HIE.‘I.\“]'b:h'\'}\l,

— Pennsylvanian undifferentiated sandstones and coals
Mississippian undifferentiated sandstones and Maxville Limestone

true giant fields produced In . S o

-Devonian “Big Lime” interval

th e U S 1 8 84_1 934 i “Clinton/Medina” sandstone and “Packer Shell”
- = = Ordovician fractured shale, Trenton Limestone, Black River Group, and Wells Creek Formation

Cambrian-Ordovician Knox Dolomite
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Prior to the late
1990s, these shales

were thought of Conventional Uncnventional
- - shale-gas
principally as the system v

source of oil and =
gas. Asmall
percentage of this
petroleum would
“leak’ from the 52
source beds and Reservoir
migrate into
conventional
reservoirs or traps.
This small amount is
what the world has
produced for the
last 150 years.

Source

From Kostelnick (2010), modified from Schmoker and Oscarson (1995).
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From EIA (2011).
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The advent of drilling long, horizontal laterals combined with the
ability to perform multiple-stage hydraulic fracture treatments has
enabled the oil-and-gas industry to now produce from the source
beds themselves, where >90% of the original reserves still reside.
These technologies have allowed many shale gas plays to develop
across the United States.



Previously, to develop a 1-
square-mile lease block (640
acres) in Ohio would require 16
vertical wells, each with about
2-acre drill sites plus all the
lease roads and pipelines.

5 HORIZONTAL
WELLS ON A
3 ACRE PAD

Today, using horizontal wells, this
same square mile can be drained
with 5-6 horizontal wells from a
single 3- to 6-acre drill site.



500 FT. BUFFER

1,280 ACRE LEASE BLOCK

10 HORIZONTAL
WELLS ON A
6 ACRE PAD

= TYPICAL 6RIENTATION
OF HORIZONTAL

Ohio Gealogieal Survey graphic 0 UTICA WELLS IN OHIO
|

Optimally, operators would like
to have lease blocks of about 2
square miles contiguous to
allow drilling in two directions
from one central drill pad.

Most horizontals are being drilled
In a NW-SE orientation in Ohio to

intersect the natural NE-SW joints
and fractures.
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Plan View Cross-sectional View
(viewed from above) (viewed from the side)




LY,

 Why Ohib and HheiUper Ohio River

" Valley/is the FOGL ‘T::githé‘ Ut1ca Play

= Ohio Is favorable to drllllng |

e SB165 (2010) Strengthened regulatory program.
« HB133 - Drilling on State lands.
 Conducive and strong regulatory environment:

= Ohio has Underground Inje‘ctioh Control (UIC) primacy
and adeguate geologic capacity to store oilfield waste.

= Quebec, NY, and other states issued moratoriums.

= Generally shallower depths than other shale plays:
o Drilling depths in Ohio ~3,500 to 10,000 feet.

* |Interlayered carbonate and shale in Ohio - lends to
“fracability’” of the rock.

= Maturation levels, kerogen types, and drilling indicate
more liquids and oil in Ohio.
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From Wickstrom (1992).
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Modified from Patchen and others (2006).

Clean carbonate grainstones, pack-

-] stones, and wackestones with sharp

upper contact

Argillaceous carbonate grainstones,
packstones, and wackestones with sharp

upper contact

Argillaceous carbonate grainstones,

—| packstones, and wackestones with
1 gradational upper contact

=

Calcareous shale and interbedded
limestone

15° south Paleo latitude
\ Cross section

At the end of
Trenton deposition

time, the Point

Pleasant was
deposited within a
restricted-circulation
sub-basin,
surrounded by
carbonate platforms.
As waters deepened,
seas overrode the
platforms, depositing
the Utica Shale on
top of the entire
area.
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TICA-OINT PLEASANT

SUB-BASIN
TRENTON INTERPLATFORM LEXINGTON

PLATFORM BASIN PLATFORM

SKELETAL
SHOAL
Thinly Skeletal

,';;’:,',!,':::,*:;’, 9;:;',‘(22“’,',‘,2/ OPEN MARINE SKELETAL

waskestone Interbedded SHOAL
limestone and shale

RESTRICTED PLATFORM PLATFORM PLATFORM

LAGOONAL MARGIN MARGIN MARGIN BASINAL
Nodular Nodular >
skeletal skeletal

wackestone/ packstone/

packstone wackestone

Cross-sectional view of the interplatform sub-basin model.
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Coshocton County—#3 Barth Well
APl NO 3403122838 (Core No. 3003)

5,660-5,670 feet
Geophysical log (left) and core photo illustrating the black, organic-
rich nature and interlayered limestone & shale of the Point Pleasant.
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50 Mies

50 Kilometers

INTERVAL-THICKNESS MAP OF
THE UTICA

(top of Trenton to top of Utica; includes the Point Pleasant and Antes Shale.)
The extent of the Utica and the Point Pleasant are also shown.

A
EXPLANATION

iy o Trenton-Black River outcrop area ——  250-ft index contour
Sl o f ——  50-f .7
b b4 fault 50-ft contour; 700
iml?l.rm:’farm|1|1|i’."|3dla;{3 t_li\?)n:‘w"b . 44 g Utica extent Thickness in feet
i A B m, LH., Laughrey," C.L7, AV A Point Pleasant extent P o5
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Thickness Map of
the Point Pleasant -

Utica Interval
in Ohio

25 Miles

25125 0 25 Kilometers

EXPLANATION
. data point 50 ft contour
fault 250 ft contour
Utica extent Thickness in Feet

Point Pleasant extent High : 350

Low : 87

Modified from Patchen and others, 2006 and Repetski and others, 2008

March 4, 2011




/, < ol i e | ' From Patchen’and others (2006).

Structure drawn on top of the Trenton Limestone. Add topographic
elevation to derive approximate drilling depths through the Utica-
Point Pleasant interval.
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20
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[ T ——
\ Normal fault

From Ryder (2008). oL st

Gas-prone areas of Utica Shale will be in the deeper portion of the basin.
Much of Ohio may contain appreciable amounts of oil within Utica wells, as
shown in this NW-SE-oriented cross section illustrating the results of
geochemical analyses of well samples.
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Utica-Poilit:

Recently, analyses
by multiple s
companies have
become public
data. We are now
starting to
examine, interpret,
and map this data.

We NEED operators
to donate new core
to our holdings for

future use.

We can hold it
CONFIDENTIAL for
as long as
necessary.

[Winton

Possible Utica and/or Point Pleasant
Cores and Samples

Vith Analysls Vithout Analysis
* 52 :



New map with additional data for
Ohio currently under development.

A

Modified from Patchen and others (2006).



Utica- Pomt 'ﬁleasant Shale
Organic content in eastern Oh'IO is very high

Organic matter is very rich and Oll prone.

Maturity levels created a range of dry gas in the east to oil in the
central part of the state, a 100-mile span.

Significant hydrocarbon generation has occurred across the area
and the hydrocarbon content is quite high.

The majority of the hydrocarbons are being generated in the
Point Pleasant, but the overlying Utica is also prospective.

The high carbonate content of the entire section suggests fracing
could be very effective for production.

Reed, Brown, & Zumberge, November 2011, DUG East presentation



5 1 Acreage Positions
P l Company Net Acres

e
-
Anadarko (APC) | 200,000 |
O & |EVEP/Enervest | 159,000{ |
pulsl [Devon Energy (DVN) | 110,000] |
A" |Hess(HES) | 85000] |
YEVANTAY |

,
¢//\ [Gulfport GPOR) [ 62,500

| |PDC Energy (PETD) | 40,000

Magnum Hunter(MHR 16,000
~ |Carrizo (CRZO) 1,500
"|ExxonMobil (XOM)  [Unknown|

. ~ e—

Shell (RDS-A) [Unknown] |

Source: Company Data, modified
Gulfport map. GHS Research

Modified from M. Bodino, November 2011, DUG East presentation



4.4 Mmcf per da '

per day Productlon

Mmcf & 1015 bbls per day - Range Resources drilled
mcf & 980 bbls per day the first horizontal

Utica well in the area
and CNX drilled a
vertical well in Belmont
County, both in late

2010.

= Chesapeake wells
Thompson 3H reported via press

CNX Verticle release.
Neider 3H

Buell 8H

Mangun 8H
e Range Horizontal

[Mmcf = Million cubic feet]
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ORIZONTAL
UTICA-POINT PLEASANT
WELL ACTIVITY IN OHIO

EXPLANATION

Horizontal well status
Showing wells permined from 2010 to 1/30/2012
Permitted
Drilling
Drilled
Completed
Producing

Well permit information from the ODNR
Division of Oil and Gas Resources Management

Recommended citation: Ohio nent of Natural Resources,
2012, Horizontal Utica t P Activity in Ohio:
Ohio Department of Ni rces,

Division of Geological Survey, scale 1:1,250,000.

SR,

C 5
LN 4
i

iy

Activity map updated regularly and available at:
www.OhioGeology.com




= One of the mandates of the'iﬁ'_;:‘,_s"\Geologlcal Survey IS
to ““...collect, study, and interpret all available data
pertalnlng to the origin, distribution, extent, use, and

valuation of... natural resources such as... petroleum
gas.”

= Without actual production-histokié‘s"from existing Utica
Shale wells, it is not possible to properly create a
“probable’ reserve estimate.

= Thus a volumetric reserve calculation must be used at
this stage of the play. Such a calculation is full of
assumptions and should be viewed only as an educated
guess as to the ultimate recoverable reserves from the
Interval.

* The Ohio Geological Survey will continue to gather
data and provide updated assessments when possible.



P

D = Rock density (kg/m). é |
TOC = Total organic content (percent)
C = Hydrocarbon conversion ratio (percent)

%R = Reservoir space with hydrocarbons (percent)
(recoverable % from shale as reservoir)

1 metric ton = 7.1475 barrels

*Based on Wallace and Roen, 1989
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C =10 percent- | .__-,"-f"'?'
%R = 3 percent

Q; = 13.26 billion barrels of oil migrated to conventional
reservoirs

Wallace and Roen, 1989
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Thickness Map of
the Point Pleasant -

Utica Interval
in Ohio

EXPLANATION
. data point (oil and gas well)

fault
Utica extent
Point Pleasant extent
50-ft contour
250-ft contour
Western limit of Utica
hydrocarbon generation

>d on CAl

25 Miles

i
i
i
i
i
i
i
i

Kilometers

Modified from Patc
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YR = 12percent—recoverable from the interval
Q, = 1.96 billion barrels equivalent
= 3.75 TCF gas and 1.31 billion barrels oil

%R = 5 percent—recoverable from the interval
Q; = 8.2 billion barrels equivalent
= 15.7 TCF gas and 5.5 billion barrels ol

TCF = trillion cubic feet
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ODNR Division of Oil & Gas Resources
Management (sole and exclusive authorlty)

Uniform statewide regulation: permlttlng WeII
locations, spacing, site construction, drilling,
completions, production, restoration, and
waste disposal.

Conservation and effective development of oil
& gas resources to prevent waste.

Public health, safety, and environmental
protection (compliance and enforcement).

|dle and orphan well plugging program.
UIC Class Il brine disposal program.

Ohio EPA has drafted a General Air Emissions
Permit for the production operations of
horizontal shale wells.




Injectlon Well--’-‘*'

PAULDING

Location Map = ,

[ JEFFERS
"y

I';J\F:HIE-IJ N r

BELMONT

= Ohio has regulatory T . p
primacy of its brine =
Injection wells and
adequate geologic
capacity.

= New rules are being
developed to further i
strengthen the e e

®
(<]
Devonian Berea Sandstone @ Cambrian/Ordovician interval
]
o

p rog ram ) .. D‘evo-nian shale.

Silurian/Devonian “Big Lime" interval
g

MONROE

HAMILTON

Silurian “Clinton/Medina” sandstone
Ordovician shale and limestone

Multiple injection zones
Permitted locations
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Shale Welll Prototype“ L.East

Utica Shale Well
(casing width exaggerated)

Approximate base of potable groundwater

Black Hand Member ("Big Injun”)

Berea Sandstone

7 Interbedded sandstone,
siltstone, shale, coal,
Bedford Shale/ =1}/ andlimestone

/
Ohio Shale/ Interbedded salt

At t h eSe d e pt h S ’ Olentangy Shale . ‘ anhydrie, dolomie
pressure from the o:*;;;:;:zi:;:z;

Oriskany Sandstone

overlying rocks and §| seseonscnn

ftas ik e -~ |
physically impossible o ‘ , = oo
to induce a fracture i N - &

Utica Shalems A . P b
= ; m recambrian
ipit6:7:000; - ! 7

al I th e Way u p to th e Trenton Limestone/

Black River Group
groundwater layers.

9,000

Copper Ridge dolomite/ B
Conasauga Group ===

basal sandstone
Precambrian




= Data and early drilling indicate much of the Utica-
Point Pleasant production will be “wet”” gas—that is
natural gas (methane = CH,) with a large percentage of
associated natural gas liquids.

= Natural gas liquids (NGLs) can be differentiated by the
number of hydrogen atoms they contain. For example,
ethane (C,H;), propane (C;Hg), butane (C,H,,), and
natural gasoline (C; and higher).

= Most gas production in Ohio previously has been
relatively dry gas, which required little or no
processing prior to being accepted into the gas
pipeline system.



Natural GasHtiguias

Compound

Density Air=1 | Compressibility
Methane CHa | 1604 | 615 | 0554 0.9981
Ethane CzHs 1.038 0.9915
Ethylene CHa 0.9686 0.9938
Propane CaHg 1.5225 0.9810
Butane CaHio 2.0068 0.9641

Pentane CsH1; 72.15 2.4911 0.942
Hexane CsHia 86.18 2.9753 0.91
Heptane CrHhs 100.21 3.4596 0.852

Modified from Lyons and Plisga (2005).



= Historically, the price of a barrel of NGLs has tracked
the price of crude oil more closely than the price of
natural gas (although NGLs as a‘whaole track at about
60% the price of crude 0|I)

= When gas prices are low relative to 0|I—a condition
that prevails today—the sale of NGLs produced from
gas can offer a meaningful boost to profitability.

= When natural gas prices are high relative to the price
of NGLs, It is less profitable to process natural gas
because of the higher value and the increased cost of
separating the NGLs.



mvolves the pe
hyd rocarbons

= Both may be great economic opportunities for Ohio In
the early years of Utica-Point Pleasant production as
very little processing capability and no fractionation
plants exist in Ohio.



Proposed Wet

Gathering in Red

Dominion and NiSeurce are both'
converting portions of their large
transmission lines to accept wet gas
for the short term, while additional
processing and fractionation plants
are built.

Natrium Processing Plant under e
development (Dec. 2012) to handle s
200 MMCFGD and fractionate 36,000
bbl NGL—may expand to 400 MM and
59,000 bhl.

MMCFGD = Million cubic feet of gas per day
Bbl = Barr6|s Bret Breon, written commun,, 201



Linear Low Density

I ro d u C ts '? , B [ Low Density Polyethylene | S / Food Packaging,
i, : (LDPE) and : Film, Trash Bags,
Diapers, Toys,
C t d Housewares
'éa e Irom
o Housewares, Crates, Wlndog\;r
: A Polyethylene Drums, Bottles, Food Frames,
! . (HDPE) . Containers swimming
. Pool Liners,
- Plpes
Ethylene Dichloride Vinyl Chloride ‘

Automaotive

S im p lifi e d f| oW Ethylene Anufmeze

Oxide

chart illustrating L b pantyhose,

Clothing,

the ethylene supply. k Cape

chain from ethane

feedstock through —_— %
petrochemical
intermediates and Sorens

Acrylonitrile

- Resins
final end use — r
= Styrene
products. i — sutadiene |/ Tires
Rubber Footvvear

Sealants
Vinyl Adhesives,
Acetate Coatings, Styrene
Textile/ Butadiene Carpet
Paper Latex
Finishing, Backing, Paper

Miscellaneous Flooring .
Chemicals Miscellaneous

Modified from ACC (2011).



Photo courtesy National Geographic and OOGEEP.
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The Oh1 Geologlcal Survey is contmuall posting
new information on the shale plays on its website.
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